We report on the fabrication and transport characteristics of van 
Introduction
Since the realization of graphene layers, a variety of two-dimensional (2D) materials have been produced by the mechanical exfoliation technique [1] , including metals [2, 3] , insulators [4, 5] , semiconductors [6] , topological insulators [7, 8] , superconductors [1, [9] [10] [11] , etc.
Fundamental properties of various cleavable 2D materials including graphene have been investigated extensively to date, together with exploring their electronic applications [12, 13] .
Recently developed dry transfer technique has allowed to stack such cleaved 2D materials into van der Waals (vdW) heterostructures with atomically flat and clean interfaces [14, 15] , which often reveal novel physical properties [16, 17] . Proximity Josephson coupling is a good example: when a normal conductor (N) is sandwiched between two closely spaced superconductors (S), a supercurrent can flow through the N layer without dissipation, forming an SNS proximity Josephson junction.
Such a SNS junction requires electrically transparent interfaces between the S and N layers.
However, conventional ways of depositing superconducting materials with electronbeam/thermal evaporation or plasma sputtering, with highly energetic evaporants, may seriously damage the normal conducting insert and the S/N interfaces. Such deterioration can be minimized by dry transferring superconducting materials onto the normal conducting insert as demonstrated in previous studies [18, 19] . Recently realization of vertical Josephson junctions has been demonstrated by vdW staking of two dry transferred superconducting layers onto each other. Here, the angle mismatch of the two stacked 2H-NbSe 2 flakes leads to formation of a weak-link with tunneling-like junction behavior [20] . On the other hand, vertically stacked NbSe 2 −graphene−NbSe 2 vdW junctions has shown strong proximity Josephson coupling [21] . NbSe 2 is one of cleavable superconducting materials, maintaining superconductivity down to a few atomic layers [9] [10] [11] 22] . Other form of vertical Josephson junctions were fabricated by electron beam deposition of aluminum superconducting electrodes on both sides of graphene [23] . Although the short and ballistic strong proximity Josephson coupling was demonstrated in the vertical junctions, characteristics of the graphene layer were not gate tunable due to screening of the gating field by the superconducting electrodes.
In this study, we report on the fabrication and the measurements of vdW-contacted planar proximity Josephson junctions by employing NbSe 2 flakes as superconducting electrodes and a graphene layer as a normal-conducting weak-link spacer. Dry transfer technique [14] enabled to form superconducting interfaces which were sufficiently transparent as to exhibit Josephson coupling. The planar junction geometry allowed electrostatic tuning of Josephson coupling by modulating carrier density of the graphene weak link. To form an NbSe 2 −graphene−NbSe 2 planar Josephson junction, we dry-transferred [14] graphene−hexagonal-boron-nitride (hBN) bilayer onto two pieces of NbSe 2 flakes which were closely pre-arranged. The outermost hBN layer protected the Josephson junction from the chemicals and ambient moistures during the fabrication process. Thus-prepared junction exhibited the Josephson current up to temperature of ~1 K. We investigated the nature of Josephson coupling by examining the temperature and magnetic-field dependences of the junction critical current c . The temperature dependence of c showed that the junction was in a long diffusive regime [24] . Gate dependence of the Josephson coupling and Fraunhofer interference under magnetic field were also investigated. This study demonstrates the potentials of vdW heterostructured superconducting hybrid quantum devices [25] [26] [27] .
Device fabrication and basic characteristics
Figures 1(a-f) illustrates device fabrication processes. The hBN flakes were mechanically exfoliated and identified on a SiO 2 substrate coated with a thin polypropylene carbonate (PPC) layer. After peeling off a PPC layer from a SiO 2 substrate, it was transferred onto a Gel-pak layer. Using dry transfer method [14] , a graphene layer was picked up by an hBN layer.
Consequently, a graphene-hBN bilayer stack was transferred onto two separate pieces of NbSe 2 flakes, which were closely pre-arranged with parallel edges as shown in Fig. 1 
(a). The
NbSe 2 flakes were cover-protected by a graphene-hBN bilayer within an hour of intermission after the exfoliation of NbSe 2 , which was to minimize the surface degradation of NbSe 2 [20] .
The Gel-pak stamp released the entire vdW structure at 100 ℃ by melting PPC layer [ Fig Fig. 3(b) , were taken from the device A. The key in this fabrication process was that the graphene and NbSe 2 were not exposed to chemicals during the fabrication processes. The graphene layer was suspended from the substrate by the thickness of the NbSe 2 electrodes, which helped maintain its cleanness. Figure 1(i) shows gate-voltage ( G ) dependence of the normal-state junction resistance ( N ). N is asymmetric with respect to the charge neutral point (CNP). The work function of NbSe 2 , ~5.9 eV [28] , is larger than that of graphene, ~ 4.5 eV [29, 30] , so that the graphene layer in contact with NbSe 2 electrodes was hole-doped. A slight increase of N in the electron-doped regime (V G >0) is attributed to the formation of less transparent p-n-p junction by the work function mismatch between graphene and NbSe 2 . G dependence of the junction conductance in out-of-plane magnetic fields is plotted in Fig. 1(j) . In high magnetic fields, the junction shows clear quantized plateaus of = 2 /ℎ with filling factor of = 4 ( + 1 2 ) = 2, 6, 10 (red horizontal lines; n = the Landau-level index). These quantized half-integer quantum-Hall conductance plateaus confirm that the graphene layer used in the measurements was a monolayer [2, 3] . The plateaus are clearer at negative G than positive side (not shown) due to the hole-doping of the graphene at the contacts with NbSe 2 . The temperature dependence of c for various G obtained from the device A is plotted in Fig. 3(a) . Data are fitted with the long-junction behavior, the temperature dependence of which is written as,
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where Th = ℏ 2 ⁄ is the Thouless energy, ℏ is the Planck constant divided by 2, and and are phenomenological fitting parameters [24] . Here, = F mfp 2 ⁄ is the carrier diffusion constant in the graphene layer, where F is the Fermi velocity and mfp is the mean free path. is introduced to reflect reduction of the junction current due to low contact transparency, Fermi-velocity mismatch, and Fermi-level pinning. Using the data of [24, 32] . The temperature dependence of c for the device B of L=150 nm is shown in Fig. 3(b) . c − curves shows a convex upward behavior at low temperatures, which is reminiscent of a short-junction behavior [21, 23, 33] .
However, the c data at higher temperatures are required to claim the short Josephson coupling characteristics. [35] , it should be replaced by an expression,
2D~2
2 / , for a 2D superconductor [36] , which turns out to be 1.5 m for the NbSe 2 electrodes with the thickness of d=23 nm as used in this study. The corresponding field penetration range becomes + 2 2D~3 .5 μm, which is in reasonable agreement with the value determined from the data, 4.1 μm.
Lastly, we discuss the bias-voltage dependence of the differential resistance shown in Fig.   5 (a), exhibiting the multiple Andreev reflection (MAR) at low temperatures, which is a distinctive feature of proximity-type Josephson junctions [37, 38] . Multiple Andreev reflection exhibits differential resistance dips indicated by a red dotted line in Fig. 5(a) at the voltage of MAR = 2Δ NbSe 2 ⁄ [37, 38] , with the integer number corresponding to = 2.
As temperature increases, MAR decreases due to the reduction of superconducting gap energy and vanishes above critical temperature of NbSe 2 as shown in Fig. 5 
Conclusions
In conclusion, we successfully fabricated vdW-stacked planar NbSe 2 −graphene−NbSe 2
Josephson junctions by using the dry transfer technique [14] . 
